330 NOTES

stirring a solntion of 14.9 g of Nal180y, 251 ml of O, and 166 11l
of pyridine.  After 15 min the solution was extracied twice with
CHClL;.  The CHCI; extract was dried (Mg=0y) and distilled to
dryviess. Slow evaporation and trituration of an Et,0-Cgll
solurion of the residue gave 7.45 g of crude diol: mip 110-1257;
nie maxima at 58 (C-13 Me) and 68 and 74.5 iC-21 Mej cp~.
A =olution of 6.6 g of the cande diol 3a in 100 ml of DMF wax
added with stirring to a cald solution of 37,6 ml of 8 N Cro,-
[1y=0), 4.7 g of MnCl,, and 78 ml of DMF.  The =olution was
=tirred for 2.5 Tu at 20° and then added while stirring vigoronsly,
to 2.2 L of ice and 11,0, The crude produet which was colleeted
Dy filiratian and dried, weighed 5.3 g The crude product was
dissolved in CsHy and purified by colmmn chromatography o
450 g of ~ilica gel (Davison 60-200 inesh).  Elntion of the colinn
with CiHe-EtOAc (9: 1) gave 1.3 g of 3b, mp 147-14%°.  Crystal-
lization of the crude praduet (E.0% gave an analytical =ample:
mp 149-151° nme maxima at 53 (C-13 methyl), 110 and 137
(91, C-3, C-11, and C-20 acetyl) eps.  Anal.  1CyllyO63 C, 1L

3,113-Trihydroxy-19-norpregna-1,3,5(10)-trien-20-one (3¢).--
To a =olutien of 960 mg of ernde 3b in 100 ml of MeOH wax added
with =tirring a solntion of 500 mg of KOH in 20 ml of 5047 aqueous
MeOIT. The ~olution was warmed and 50 ml of H.(l wax added.
The MeOIl was removed by distillation and the soIntion was
refluxed vieder No for 5 hr, cooled, and acidified at 0° wicth AcOT.
The prodiuet, which was collected by filtration, washed (H.O3,
mal dried, weighed 620 mg. Cryaallization of the erude produet
1 MeCO and hexane) gave an analyiienl sample: mp 237-240°;
News (B 282, 2,60, 582 and 6.17 w. The ORD enrve of 3¢
in MeOII exhibited a broad peak at¢ 330 mu (@ 11225 and a trongh
Al 205 mp id 000 dnal. (CouHaOyr ) 11,
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Amobarbital, Methylamobarbital, and Butethal'

Barwant N, Dixir ann Davann J. Asradan

Departuents of Pharmacology and Medicing! Chendistry,
School of Pharmacy, University of Pittsburgh,
Pittsburgh, Pennsyleaniu

Received August o, 18688

Recently a quantitative study has been made con-
cerning  the structure-activity relationships of the
barbiturates.”® It has been suggested that the parti-
tion coeflicients and the rate of metabolisni play an
important role in the duration of action and potency
of the barbiturates.?  With reference to the metabolic
inactivation of barbiturates, it has been shown that
the « — 1 carban of the side chain of barbiturates
andergoes preferential oxidation in many ecases. In
several barbiturates studied,* the @ — 1 carbon turned
out to be the 3- or y-carbon atom. In order to dif-
ferentiate between the v carbon or « — 1 carbon ax to
the =usceptibility toward oxidation, Maynert® studied
the metabolism of J-ethyl-5-n-hexylbarbiturie acid in
dogs and found the & — 1 carbon and not the v carbon
most suseeptible to nietabolic oxidation.

With this in mind, it was decided to study com-
pounds without C-H bonds at the w — 1 carbon. If
the « — 1 ecarbou does not possess a C-H bond,
that carbon will not be susceptible to oxidation and

21 T work wias sopported by Grant £R-03435 from the National Inzoi-
tutes of Health.

(21 (. Hansch and =0 M. Anderzon, J. Med. Chep.. 10, 745 (1967},

3y C. Hangel, A. R. 2teward, 2. M. Anderson, and 1. Bentley, 7., 11,
1 {1868,

£4¢ (a) 130 WL Maynpert and I. ML Dawson, J. Biol. Chem., 195, 380 (14a2);
(19 [5. W. Maynert, (d., 196, 397 (1952); (c) +nd., 195, 403 (1952).

e b WL Mavnert, J. Pharmueol. Exptl. Therup., 180, 476 (10650
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Figure 1.—Log dose-response rduration of action) curves of
amobarbital (AMB-Na) (€—€), Invethal (BUT-Na) ( 205,
and methylamobarbital (CH;ANMB) (O-—O) inmale mice.  Facl
point represents the vahie obtained from ten animals.

one would expect a longer acting and nore potewt
contpound. The eompounds chosen for the first com-
parison werc d-cthyl-3-(3-methylbutyl)barbiturie acid
{amobarbital, 1), d-ethyl-5-(3 3-dimethylbutylibar-
biturie acid (methylamobarbital, 1), and H-ethyl-3-
n-butylbarbituric acid (butethal, I1I).  Comparison of
the substituents on the w —~ 1 earbon for T and Il
should give a good estimate of the difference hetween
a very easily oxidized « — 1 C-H bond as in I (forms o
tertruy free radieal)® ngainst a carbon containing no
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hutethal «l11:

w — 1 C~H bhondx for oxidation as in II.  The pharnma-
cological studies performed show that Il ix a more
potent and a longer acting compound than I or butethal.

Pharmacological Studies.—1'igure 1 shows the reln-
tionship between doge and the duration of action of
amobarbital, butethal, and methylamobarbital in mice.
It ean be readily =cen that amobarbital 1s shorter acting
than methyvlamobarbital.  Comparisons at 120 min
show methyvlamobarbital to be 1.9 times ax active ns
amobarbital when compared on an equimolar basis.

In order to relate this difference in activity to the
differences in metabolic muetivation, the oxidative
enzymes (liver) were blocked by using @-diethyl-
aminoethyl diphenylpropylacetate and iproniazid.™
The results are shown in Figures 2 and 3. Figure 2

{6} Amobarbital can ve hydroxylated at the w-1 varbon aiom by chromie
acid oxidation under very mild eonditions; see ref th.,

(7} J. R. Cooper, I. Axelrod, and B. 13. Brodie, J. [hourgenl, Frpif.
Therap., 112, 30 (1936

(8) J. R. Fouts and 1. K. Boradie, ibid,, 116, 480 (19561
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Figure 2.—Effect of g-diethylaminoethyl diphenylpropyl-
acetate (SKF-325A) and iproniazide on the duration of action of
equimolar doses (0.28 mmole/kg ip) of amobarbital (AMB-Na)
(70 mg/kg) and methylamobarbital (CH;AMB) (67.5 mg/kg)
in male mice. g-Diethylaminoethyl diphenylpropylacetate (10
mg/kg ip) (N) was given 60 min prior to and iproniazide phos-
phate (100 mg/kg ip) (@3) 30 min prior to the administration of
barbiturates. Control animals received saline (5 ml/kg ip)
().  Each group consisted of ten animals.

shows that iuhibition of these enzyme systems po-
tentiated the duration of equimolar doses of amo-
barbital and methylamobarbital. Comparison on a
per cent basis shows that the response to amobarbital
was potentiated 8 and 14 times and methylamobarbital
only 2 and 3 times. This is in line with the fact that
the drugs which are metabolized at a slower rate will
be affected less if the activity of the inactivating
enzyme(s) is altered, either inhibited or increased.
These results can then be interpreted to indicate that
methylamobarbital is metabolized to a lesser degree
than amobarbital due to the fact that the preferential
site of oxidation is blocked by methylation.

The relative potencies (in terms of ADj) of amo-
barbital, methylamobarbital, and butethal are shown
in Figure 4. Methylamobarbital is 1.8 times as potent
as butethal, whereas amobarbital is 1.3 times as potent
as butethal when compared on an equimolar basis.
Tt can be said that the onset of action of barbiturates iz
related to partition coefficientes since the potencies of
methylamobarbital, amobarbital, and butethal in-
crease (Figure 4) with increasing partition coefficients.
However, when one looks at duration of action (Figure
1), butethal appears to be longer acting than amo-
barbital per unit dosage which is opposite to the potency
relationship above. Butethal may be longer acting
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Figure 3.—Effect of g-diethylaminoethyl diphenylpropyl-
acetate and iproniazide on the duration of action of equimolar
doses (0.28 mmole/kg ip) of amobarbital (AMB-Na) (70 mg/kg)
and methylamobarbital (CH;AMB) (67.5 mg/kg) in male mice.
The data are compared on a per cent basis. g-Diethylamino-
ethyl diphenylpropylacetate (10 mg/kg ip) (N) was given 60
min prior to and iproniazide phosphate (100 mg/kg ip) (&3) 30
min prior to the administration of barbiturates. Control
animals received saline (5 ml/kg ip) (J). Each group consisted
of ten animals.
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Figure 4.—Log dose-response (onset of action) curves of amo-
barbital (AMB-Na) (€), butethal (BUT-Na) (), and methyl-
amobarbital (CH;AMB) {O) in male mice. Each point repre-
sents the value obtained from ten animals. ADs’s (anesthetic
dose for 50% of the animals) in mmole were CH;AMB, 0.185;
AMB, 0.240; BUT, 0.330.

than amobarbital because of its lower log P value and
because it does not contain a tertiary » — 1 hydrogen.

One can explain these results by correlating potency
(onset of action) with the partition coefficient as
shown in the past 2? whereas duration of action is
more dependent upon the rate of metabolism and not
entirely on the partition coefficients.



I order to determine the linportance of metabolism
with respect to @ — 1 oxidation we are now studying
longer chain derivatives and are synthesizing other
compounds with the w — 1 carbon atom blocked by
various substituentz.  Studies on the direet measure-
mentz of metabolsim by hepatic microsomes have also
been mitiated.

Experimental Section

S-Fithyd=a-03, s-dimethylbuivDhavbiourie acid (VIT) was syn-
thesized s <hown iu the literature® except that 3,3-dimethyl-
hatyl chloride was used instead of (he Dhromide. The melting
point was 191-193°. The N-ray structare of our syvnthetie
coupound has been recently aceomplished. *

03 1 Co Whitimore and ML AL Thorpo, UL X0 Patenc 2,161,212 119305,
(1)) B Craven, Department of Crystallography. Universicy of Piceslyrel.,
prersonid eonmmumication.

Structure-Activity Relationships of
Iithylenimines. VIII. Optically Active
Methyl-Substituted Ethylenimines!

AvErr T, Borrizy, Vasv Deyv, Bawey . Downex,
AND ALLEN J. GANDOLFL

Chemislry Departmend, University of Californin,
Davis, Californic  hiels

[eceived Nigusi 10, DIAS

The reaction of butadiene monoxide and pro-
pylenimine gives a 70:30 mixture of 1-(2-methyl-1-
azirtddinyl)-3-buten-2-ol and 2-(2-methyl-1-nziridinyl)-
3-buten-1-0L.”  Interestingly. the prodnct mixtures
obtained from v-propylenimine and 1-propylenimine
showed different  wetivities against  Adenocareinoma
755, the L mixture being the more active.  Although
thi= difference in uetivity was snggestive of a re-
Intionship between biological netivity and the absolute
configuration of a =ubstituted carbon on the aziridine
ring, such an interpretation was considered teamouns
because the products were not pare cnantiomers,

In order to make possible more =uitable examination
ol the relationship between biologienl activity and the
absolute confignration of a substituted carbon on the

aziridine  ring, we  prepared  2.5-bis(n-2-methyl-
awiridinyh-p-benzoquinone  (p-1).  tris(p-2-methyl-1-
azividinyhphosphine  sulfide  (p-11), 24, 6-tris(p-2-

methyl-1-azividinyD-s-trinzine (0~ and  their 1
cnantiomers (L-1-I1T). Svntheses were accomplished
using the approprinte v- or i-propylenimine? and
methods stmilar to these deseribed for preparation of
the racemic analogs®* Preliminary screemng data,

1 Go Tam VIl AL T, Bewtind, B. Fo Dowsden, and R. L. Vanlitren,
oot Chenis Sy, 87, 3330 (1965, (1a Sopponed in paon by Grant No.
7 A-03728 Trom the National Cancer Institole of tlre Pnldie Mealth Neeviee,

gy AT Bowding and Vo Dev, J. Med, Phavin. Chem., 8, 925 11062,

cAr ta)l WL Gauss, N, Petersen, (G, Daomaxk. and (1, Hackmann, German
1 ene Q67,344 (Nav 7. 19370 Cheye ity 88, 13173 (14501 by 10 Kode
and I RL Reeper, UL R, Patent 2,670,347 iFeb 23, 19734+, Chem, Abstr., 49,
2AIRT Q1058 e 1L CL Rehaeter, Joo A Cheno, Norl, TT, 2028 (19591,

1) Note thut vse ' racemic propylenimiine insiead ol aptically pnre

propylenimine in any o) these syntheses gives g mixtare oF diastereamers,

oy expmple, in the absenee ) asvmmerrie induetion, the reaction of 1 1gia-

phospliary]l chlgride with racemic peopylenimine will give a 3:1 mix/ira ol
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»See Cuneer Chemolherapy Lept., 25, 1, 10 010625, Uhdess

otherwize woted, the vehicle was earboxvimethyleellulose, sosd che
route was inteapericoneal. © For Walker 236 1WA (est ~v~ten:
runor weight in gims; for Dunning lenkemin csolidy (1 Ly test
svsteni: =urvival Gime in dayvs. 0 I Cests using KB cells with
control munhers 3453, 349, and 164 (owa differerd serceencrs, v-1
had EDw's of <1.0, 040 (ope = —0.46), mied <025 pgoal, re-
spectively, nnd -1 had BDsy's of <14, 036 (<lope = =450 and
0.23 :lope = — 078 pg il respectivedy.  Toxie i odese Tovel
of 710 mg kg 7 Fowr caces. @ Toxie at a dose Tevel o 250
mg kg, *b-11and -1 s dose Tevels of 6,00 45,0 and 3,75 400
g g, vespectively, did uwot produce prolonged sarvivad thoes
when tested against Ivmphoid leukemin L1214 test sys1ene. - Six
cures. 4 From tumer inhibition ey, dosage plots of these data,
T C 000 were extimated Tor v- e ~TTT = oca 000 awd 14
mg kg day, respectivedy: the approsimate D3¢ condidenee mils
were 0.2-1.2 and 0448 mg kg day, respeciivelve # Irom
annor inhibition e+, dosage plot of <iudlae data ceortrol andbers
B0, 8T, 04, 103, wwd 1LY Tor 24, 6-teis(2-methyl- 1-rzoddioy ] -s-
triazine prepared with recemic propylendnmiae, 170 010 wis
extimated ns ra. 120 mg kg ‘day, with approxivare U5 con-
fidercce limits of L.2-12 mg kg day. / Prelininnry LD s for
=111, 1-I1I, and 111 preparved from racemic propyleniraioe are
1.2, 3.8, and 120 mg kg day. » Innetive at lower dose Tevels in
thix =eriex. The vehicle was saline.

obtained by the Cancer Chemotherapy  Natianal
Serviee Center, are snmunarized in Table T,

Although the paucity of the data does not allow any
conclusion regarding the relationship of activity and
the ahsolute configuration of the substituted curbon
on the aziridine ring, p-ITT appears 1o be more setive
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